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Introduction. The article presents the results of the exploration of the karyotype of
the Ukrainian population of river buffaloes (Bubalus bubalis bubalis), which are bred in
Ukraine in the household of Sviato-Pokrovska Holosiivska Pustyn monastery.

Materials and Methods. Chromosome preparations were obtained from cultured
peripheral blood lymphocytes. Whole venous blood (5 mL) was cultured for 48 h at
37 °C in RPMI 1640 medium (Sigma, USA) supplemented with 0.1 mL/mL phytohe-
magglutinin (PHA, Sigma, USA) and 15% fetal calf serum. Colchicine (Serva, Germany,
10 pg/mL) was added 2 h before harvest to arrest cell division. Chromosomal prepara-
tions were stained with 2% Giemsa solution (Merck) and analyzed at 1000x magni-
fication using an Axiostar plus microscope (Carl Zeiss, Germany). Routine, G-, and
Ag-banding were performed to determine the spontaneous rate of chromosome aberra-
tions and the level of chromosomal variability. Metaphase spreads were photographed
with an Olympus D-460 ZOOM digital camera. Statistical analysis was performed using
Microsoft Excel 2010.

Results. The diploid chromosomal set of the studied animals consists of 50 chro-
mosomes (2n = 48, XX; 2n = 48, XY). Aneuploid and polyploid cells were discove-
red at rates 7.70£1.59 % and 0.35+0.053 % respectively, as well as cells with struc-
tural aberrations of autosomes. The overall rate of cells with dysfunctions amounted
to 12.55+2.00 %. The rate of chromosomal aberrations in males and females diffe-
red insignificantly and amounted to 12.60 % and 11.30 % respectively. We detected
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individuals with cells with monosomy X0. Ag-banding revealed nucleolus organizer
regions (NOR) in six chromosomes of the karyotype of the studied buffaloes — 3, 4, 6,
21, 23, 24. Individual variation of animals by the NOR number was deduced from 1 to
12 per cell, with an average of 2,82.

Conclusions. Cytogenetic research can be used for the preservation of diversity
and improvement of breeding programs for the Ukrainian river buffalo population.
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INTRODUCTION

There are two main species of buffalo in the world: the Asian buffalo (Bubalus
bubalis ), often referred to as the water or river buffalo, and the African buffalo (Syncerus
caffer). The Asian buffalo Bubalus bubalis is further classified into two main subspecies:
the river buffalo (karyotype 2n = 50, FN = 60) and the swamp buffalo (2n = 48, FN = 58)
(lannuzzi, 2003). These subspecies exhibit a notable chromosomal difference: the river
buffalo has 50 chromosomes, while the swamp buffalo has 48. This difference arises
from a centric fusion, where chromosomes 4 and 9 of the river buffalo have fused to form
what is now chromosome 1 of the swamp buffalo. Despite this karyotypic divergence,
all chromosome arms between these two Asian subspecies are largely conserved, allo-
wing them to interbreed and produce viable, although often less fertile, F1 offspring with
49 chromosomes (lannuzzi, 2003; Cailipan et al., 2023).

In addition to basic karyotyping, recent advances in genome sequencing of water
buffaloes have provided a deeper understanding of their genetic structure and evolu-
tionary relationships. Recent progress in genome sequencing, including the genera-
tion of high-quality reference genomes for Bubalus bubalis, has greatly expanded our
understanding of genetic traits of economic importance, as well as the evolutionary
relationships among buffalo populations (Rehman, 2021). In addition, valuable informa-
tion regarding genetic diversity, population structure, and genes associated with eco-
nomically important traits such as milk production and disease resistance has been
revealed. Similarly, efforts to sequence the genome of the swamp buffalo (Li, 2018)
have shed light on the unique evolutionary pathways of these diverse groups. These
genomic studies complement traditional cytogenetic ones by offering a more detailed
view of chromosomal rearrangements, gene content, and genetic relationships, further
confirming the distinctness and evolutionary divergence of river and swamp buffaloes,
with the latter showing closer relationships with other species, such as the tamarao buf-
falo (Bubalus mindorensis) (Cailipan et al., 2023).

Buffaloes in Ukraine are a domesticated form of the Asian buffalo Bubalus bubalis —
river buffalo. This is the northernmost branch of Asian buffalo settlement in the world
(Castello, 2016).

The earliest records of buffaloes in Ukraine date to 1819, noting their use in trans-
porting salt at salt mines. In pre-Soviet Zakarpattia, buffaloes were commonly raised
as a substitute for cows, serving multiple purposes: draft animals, a source of meat,
milk, leather, and bone, and importantly, for their manure. Buffalo manure was utilized
in housing construction, as a heating fuel, and to improve soil fertility. With the advent
of collectivization, buffaloes, along with cattle, were incorporated into collective farms,
under which they did not survive (Guzeev, 2014).
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Since 2007, the transportation of buffaloes from Zakarpattia to Kyiv Region has
begun. The “Holosievo” farm in the Brovar District of Kyiv Region has become a model
household for buffalo breeding (60 heads of different sexes and ages).

Research on the genetic diversity of buffaloes in Ukraine is especially relevant
because these animals have been insufficiently studied. Only individual reports about
research on the genome of river buffalo exist (Guzeyev et al., 2016; Dzitsiuk et al.,
2020). Therefore, the present study aims to examine the karyotype of river buffaloes
(river buffalo) bred in Ukraine.

MATERIALS AND METHODS

The material for the study was the peripheral blood of 55 adult river buffaloes (26 males
and 29 females), which are held in the household of Sviato-Pokrovska Holosiivska Pustyn-
Holosievo monastery.

To prepare chromosome preparations, whole venous blood (5 mL) was cultivated
for 48 h at +37 °C in RPMI 1640 medium (Sigma, USA) with the addition of 0.1 mL/mL
PHA (phytohemagglutinin, Sigma, USA), 15% embryonic calf serum. Colchicine (Serva,
Germany, 10 ug/mL) was added two hours prior to the completion of the cultivation
period to stop cell division. The precipitate of cells was obtained by centrifugation for
10 min at 1000 g and the subsequent treatment with hypotonic KCI solution (0.075 M)
for 20 min. The fixation of cells was conducted in three changes of the methanol-acetic
acid mixture in a 3:1 ratio. The cell suspension of the required density, obtained in the
last portion of the fixator, was dropped on cooled and wet specimen slides and analyzed
using a Zeiss Axiostar plus microscope (Germany) with a magnification of 10x100, using
a 100x oil immersion objective with n. a. of 1.25. For routine chromosome staining,
a 2% solution of Giemsa stain was used (ready-to-use product, Merck, KGaA, Germany).
Chromosomes were identified by the differential staining method (G-banding) with the
use of trypsin (Seabright, 1971).

Nucleolus organizer regions (NORs) on the metaphase chromosomes were
detected by staining with a 50% solution of silver nitrate (AgNQO,) according to Ploton’s
recommendations (Ploton et al., 1986). Then, a 0.2% formic acid (pH 2.6-2.7) and
a 50% solution of AgNQ, in a ratio of 1:1 were applied to the object glass. The prepara-
tion was placed in a Petri dish on a moistened filter paper and kept in a thermostat for
5-8 min at 62 °C. NORs were detected on telomeres of corresponding chromosomes
as dark dots.

The results were presented as the mean + standard deviation, n — number of exper-
iments. The digital material obtained was processed using standard methods of vari-
ational statistics from the Office Excel 2003 package.

RESULTS AND DISCUSSION

The diploid karyotype of river buffalo consists of 50 chromosomes (2n = 50, FN = 60)
and has 5 pairs of metacentric and submetacentric autosomes and 19 pairs of acrocen-
tric chromosomes. It is known that Asian buffalo (Bubalus bubalis) is cytogenetically
dimorphic: its subspecies have different numbers of chromosomes in their karyotype —
the river buffalo has 50 chromosomes, while the swamp buffalo — 48 chromosomes.
lannuzzi (lannuzzi et al., 2005) explains it by the fact that, as a result of the evolutionary
process, the first chromosome of river buffalo is formed by the translocation of the fourth
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the ninth chromosomes. Despite this, the entire species gene set of the buffalo karyo-
type is maintained. Subspecies of river and swamp buffaloes interbreed and produce
offspring with an odd number of chromosomes — 49.

The sex X chromosome is the largest acrocentric chromosome, which can be iden-
tified by routine staining. This chromosome has the morphological distinction — a mem-
brane in the long arm, which makes it easy to differentiate it from the others. The Y
chromosome is the smallest acrocentric chromosome (Degrandi et al., 2014).

Fig. 1. Typical metaphase plates of the river buf-
falo (2n = 50). Magnification: vol. x100;
circ. x10

In the studied karyotypes of buffaloes, numerical and structural aberrations of
aneuploidy, polyploidy, fractures, and fragments of chromosomes (see Table) were
detected. Numerical aberrations of karyotype constituted the largest category of aber-
rations — aneuploidy and polyploidy (in the amount of 8.05 %). Structural aberrations
of chromosomes, such as fractures, fragments, and others, constitute 38 % of the total
amount of karyotype abnormalities.

Frequency of chromosomal aberrations in lymphocytes of river buffaloes

Animals studied 55
Studied metaphases 1750
Aberrant cells, % 12.05%£1.80
Including:

Aneuploid cells 7.70+1.59
Frequency of genomic aberrations, %

Polyploid cells 0.35+0.05
Frequency of structural chromosomal Breaks 2.40£0.09
aberrations, % Fragments 2.30+0.08

The proportion of aneuploid cells in the general spectrum of aberrations in the stu-
died buffaloes was greater than half and was represented by hypoploid cells (2n = 48—49)
with a minor number of hyperploid cells (2n = 51-52). Polyploid cells were encountered
infrequently (0.35+0.05) and predominantly had a triploid set of chromosomes.
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Structural aberrations in the karyoptype were represented by breaks and fragments
of chromosomes. In aberration, separate chromosomes from the second, third, fifth,
and seventh pairs were engaged the most frequently. No breaks, deletions, or duplica-
tions in small-sized chromosomes were detected.

The obtained results are somewhat different from cytogenetic study data, con-
ducted at the National Research Center (Department of Cell Biology, Egypt) (Ahmed,
2005). In our research, the frequency of cells with chromosomal breaks was 2.40 %,
which is almost half as much as reported by S. Ahmed (4.4 %).

Fig. 2. Metaphase plate of river buffalo with
a chromosome that contains a break
(indicated by an arrow). Magnification:
vol. x100; circ. x10

In contrast to cattle, chromosome translocations were not found in the studied buf-
faloes. However, in some animals, the association of two autosomes with the formation
of an S-shaped form was observed.

Fig. 3. Metaphase plate with an S-shaped
chromosome. Magnification: vol. x100;
circ. x10

The frequency of cells with aberrations in females and males did not differ signifi-
cantly and amounted to 12.60 % and 11.30 % respectively. However, in females, cells
with chromosomal fragments predominated, whereas males had more cells with broken
chromosomes.
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The frequency of aneuploid and polyploid cells in both sex groups showed no sig-
nificant difference (Fig. 4).
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Fig. 4. Frequency of chromosomal aberrations in different sex groups of river buffaloes

The number of chromosomal aberrations was found to be statistically similar in
females and males, accounting for 12.69 % in adult females and 11.30 % in breeding
male buffaloes, respectively.

The reports about aberrations in the karyotype of river buffaloes, related to sex
chromosomes, are often found in the literature: X-trisomy (lannuzzi et al., 2004);
X-monosomy (lannuzzi et al., 2000), XXY chromosome complement due to X-X-
translocation (Patel et al., 2015).

In another female with a normal body structure and reproductive capacity, the co-
existence of two genetically different cell populations was detected. Two types of cells
were identified under the microscope: 48, XX and 48, XO. Similar cases of aneuploidy,
provoked by the absence of one of the X chromosomes, are also described in the litera-
ture (lannuzzi et al., 2021).

Using the Ag-banding technique, active nucleolar organizers (Nucleolus Organizer
Regions, NORs) were detected on six chromosomal pairs in river buffaloes: 3, 4, 6,
21, 23, and 24 (Fig. 5). These data are
consistent with standard nomenclature,
which indicates that NORs in river buf-
faloes are located on the telomeres of
six chromosomal pairs: 3p, 4p, 6, 21,
23, and 24 (lannuzzi et al., 2021).

Fig. 5. Karyotype of a river buffalo with
active NORs at chromosome
telomeres
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The research discovered that the number of active NORs in cells varies from 1 to
12. The largest proportion of cells had two NORs (45 %), with half as many having three
nucleolus organizers. Cells with one and four NOR constituted 12 % each. The cells
with nucleolus organizers from 6 to 12 account for about 1 % (Fig. 6).
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Fig. 6. Number of metaphases with different numbers of NOR in the chromosomes of river buffalo

CONCLUSIONS

The research on buffaloes of the Ukrainian population has established that their
karyotype is within normal limits: 2n = 48+XX in females and 2n = 48+XY in males.
The spontaneous level of chromosomal variation was observed at 12.55+2.00 % due
to aneuploid and polyploid cells with the frequency of 7.70+1.59 % and 0.35+0.053 %
respectively, as well as cells with structural aberrations of autosomes. The frequency of
chromosomal aberrations in males and females did not differ significantly, amounting to
12.60 % and 11.30 % respectively. Through the use of the G-banding technique, individ-
uals with cells with monosomy X0 and monosomy of the second chromosomal pair, as
well as cells with chromosomal breaks in the 3rd pair, were detected. The Ag-banding
technique revealed nucleolus organizer regions (NORs) on six chromosome pairs — 3,
4,6, 21, 23, and 24 — in the karyotype of the studied buffaloes.

The low number of buffaloes in Ukraine, contrasting with the high quality of prod-
ucts supported by them, emphasizes the critical importance of preserving this unique
population. The results of genetic studies, particularly cytogenetic analyses, demon-
strate the presence of genetic diversity — a key factor in developing effective conserva-
tion programs and restoring populations.
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LUMTOMEHETUYHE OOCNIIAXXEHHA BYNBOJIA PIYKOBOIO YKPAIHCbBKOI
nonynsuli (BUBALUS BUBALIS BUBALIS)

BanenmuHra [3iurok’, TemsaHa Puk?, Tamapa JlumeuHeHKO?

" IHemumym po3seedeHHsi i 2eHemuku meapuH im. M. B. 3ybust HAAH YkpaiHu

syn. lNozpebHsika, 1, c. HybuHcbke, bopucninbcbkul p-H, Kuiscbka 06n. 08321, YkpaiHa
2 [lbeiecbka meduyHa akademisi imeHi AHOpIsi KpynuHCcbKo20

syn. lNempa [opoweHka, 70, Jibeie 79000, YkpaiHa

3 HauioHanbHull yHisepcumem 6iopecypcie i npupodokopucmyeaHHs YkpaiHu
syn. l'epoie O6opoHu, 15, Kuie 03041, YkpaiHa

BeTtyn. Y cTaTTi HaBeaeHOo pesynbTatu AOCNIAXEHHS KapioTuny yKpaiHCLKOI nony-
nsauii pivukoBux byneonis (Bubalus bubalis bubalis), siknx po3BogaTb B YKpaiHi y rocrno-
AapcTtsi MoHacTups “CeaAto-MNokpoBcbka [onociiBebka MycTuHb”.

MaTepianu Ta metogu. XpOMOCOMHI npenapaTtn OTPUMYBanu 3 KynbTUBOBAHUX
nimdoumnTiB nepndepnyHoi KpoBi. LlinbHy BEHO3HY KpoB (5 Mi) KynbTMBYBanu NpoTsaromM
48 ron 3a 37 °C y cepeposuwi RPMI 1640 (Sigma, CLA) 3 gogaBaHHsaM 0,1 mn/mn
ditoremarntotuHiHy (PHA, Sigma, CLUA) ta 15% deTtanbHoi Tensyoi cupoBaTtku. 3a
2 roA Ao 3aKiHYeHHs Mepioay KynbTUBYBaAHHA AoAdaBanu KonxiuuH (Serva, HimeuunHa,
10 Mkr/mn), Wwo06 3ynuHUTK NOAiN KMiTMH. XpOMOCOMHI npenapatu dpapbysanu 2% pos-
ynHoM lMiman (Giemsa, Merk) i aHanizysanu nig mikpockonom Axiostar plus (Carl Zeiss,
HimewymnHa) Ha 1000-kpaTHoMY 36inbLueHHi. [1na BU3Ha4YeHHsi COHTaHHOT YacTOTU Xpo-
MOCOMHMX abepalLii i piBHS XpOMOCOMHOI BapiabenbHOCTI NiMcoLmTiB 3aCTOCOBYBanu
pyTvHHe hapbyBaHHs, G- Ta Ag-6eHamHr. MikpodhoTorpadii meTacgasHnx nnacTMHoOK
oTpumyBanu 3a gonomorot undposoi kamepu Olympus D-460 ZOOM. Ctatuctnyny
06pobKy AaHMX NPOBOAUNN MEeTO4aMU BapiaLiiHOT CTaTUCTUKM 3 BUKOPUCTaHHSM Npo-
rpamHoro naketa Microsoft Excel 2010.
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PesynbraTty gocnigxeHb. JnnnoigHnin XpOMOCOMHUI Habip 4OCNIMKEHMX TBApUH
cknagaeTtbea 3 50 xpomocom (2n = 48, XX; 2n = 48, XY). BusiBneHo aHeynnoigHi 1a
noninnoigHi KNitnHn 3 Yactototo 7,70%£1,59 % i 0,350,053 % BiaNoBigHO, a TaKoX Kni-
TWHM 3i CTPYKTYPHMMMK abepauigmmn ayTocoM. 3ararnbHuii NoKasHUK abepaHTHUX KNiTUH
ctaHoBuB 12,55+2,00 %. YacTtotn abepauin y camuub (12,60 %) i camuis (11,30 %)
CTaTUCTUYHO 3HaJyllle He BigpisHAnacs. lgeHTudikoBaHo 0cobuH i3 MoHocomieto XO.
Ag-banding gaB 3mory igeHTUdiKyBaTV OingHKM saepueBux opraHizatopie (AOP) Ha
LecTn xpomocomax: 3, 4, 6, 21, 23 ta 24. CnocTepiranv iHanBigyanbHy BapiabenbHiCTb
AOP (Big 1 0o 12 Ha KNiTUHY), 3i cepeaHiM 3Ha4YeHHAM 2,82.

BucHoBkKW. Pe3ynbrat UMTOrEHETUYHOIO OOCHIMKEHHST MOXYTb OyTv BMKOpUC-
TaHi Ansa 36epeXXeHHs1 reHETUYHOIO PI3HOMAaHITTS 1 ONTMMI3aLii Mporpamun po3BeAeHHS
yKpaiHCbKOi nonynsuii piukoBux GyriBoniB.

Knroyoei crioea: GyriBon pivukoBuiA, kKapioTun, XxpoMocomu, abepadii
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